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AppL No. 09/877,374 

Reply to Office action of June 6, 2005 

REMARKS/ARGUMENTS 

Claims 1 to 5, 7, 9 to 29 and 62 to 72 remain in this application. Claim 1 has been 
amended to more clearly present the invention and includes no new matter. 

The Examiner rejects claims 1 to 5, 7 to 29, 62 and 63 under 35 USC 112. first 
paragraph, as failing to comply with the written description requirement. The Examiner 
states that the specification fails to describe nucleotide sequences that can produce a 
polypeptide that can actively bind to any antigen/immunoglobulin polypeptide, as broadly 
claimed and that the specification only provides adequate written description for the claimed 
invention with regard to the human monoclonal CTLA-4 antibody. The Examiner further* 
states that the specification fails to describe what sequences fall into the genus of an antibody 
that selectively binds to an antigen or an immunoglobulin polypeptide. Applicant traverses 
the rejection. 

The specification need not disclose what is well known to those skilled in the art and 
preferably omits that which is well known to those skilled and already available to the public. 
In re Buchner, 929 F.2d 660, 661, 18 USPQ2d 1331, 1332 (Fed. Cir. 1991); Hybritech, Inc. 
v. Monoclonal Antibodies, Inc., 802 F,2d 1367, 1384, 231 USPQ 81, 94 (Fed Cir. 1986). 
Numerous nucleotide sequences for antibodies have been disclosed in the art prior to the 
present invention. For example, the coding sequence for the heavy chain and light chain of 
an antibody against the human C3a receptor was disclosed in J. Immunol. (1998) Mar 
15;160(6):2947-58; the nucleotide coding sequence of a human thyroid peroxidase-specific 
immunoglobulin lambda light chain variable region was disclosed in J. Immunol. (2000) Apr 
15;164(8):4162-9; the coding sequence for human IgG2 lambda antibody gp41 coding region 
DNA was disclosed in L Immunol. (1987) Dec 15;139(12):4027-33; Mus spicilegus 
(chromosome 6p) MHC class II antibody nucleotide coding sequence was disclosed in 
GenBank in 1993 as L20612; Mus musculus MHC class II antibody nucleotide coding 
sequence was disclosed in GenBank in 1993 as L2 1721. These are just some of the many 
examples of immunoglobulin and antibody nucleotide coding sequences which were known 
and available to practitioners in the art at the time of filing the present application. 
Therefore, applicant submits that the specification, in combination with what was known in 
the art, put applicant in possession of the claimed invention by the effective filing date. 
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The Examiner rejects claims 1, 2, 4 to 9, 1 1, 12, 14 to 17, 20 to 29, 62 and 63 under 
35 USC 102(8*) as being anticipated by Ditullio et ah The Examiner indicates that the instant 
claims are anticipated by Ditullio et al since a blastodermal cell would be considered an 
embryonic cell. Applicant traverses the rejection. 

Applicant submits that even if the Examiner's characterization of blastodermal cells 
is correct, Ditullio et al does not anticipate any of the pending claims in tibte case. This is 
because, for example, the feature of culturing the cells is included in the rejected claims. 
Ditullio et al is drawn to methods of introducing a nucleic acid molecule into the genome of 
avian species. Ditullio et al may disclose introducing nucleic acid into blastodermal cells 
either in vitro or in vivo, as alleged in the Examiner's communication mailed 10/22/03; 
however, introducing nucleic acid into blastodermal cells either in vitro or in vivo is different 
than culturing cells. Therefore, applicant submits that the rejection should be withdrawn. 

The Examiner rejects claim 73 as being anticipated by Heinzel et al (infection and 
Immunity (1999) 67(12): 6454-6460) and Caxreno et al (US 2002/0039581 All). Applicant 
traverses the rejection. 

Applicant's claim 73 is drawn to a CTLA-4 antibody produced in avian cells. 
Glycosylation patterns for antibodies produced in avian cells are substantially different than 
for antibodies produced in mammalian cells. See, for example, US 2004/0019922 Al and 
Zhu et al (Nature Biotechnology, published online 28 August 2005; doi:10.1038/nbtll32) 
(copy included with this Response). Therefore, it is unlikely that the structure of CTLA-4 of 
claim 73 is the same as CTLA-4 disclosed in the cited references. In addition, avian type 
glycosylation patterns on antibodies can produce antibodies with enhanced characteristics, 
such as an enhanced cell killing ability (See, for example, the last sentence of the first 
paragraph of Zhu et al). Therefore, CTLA-4 produced in accordance with the present claims 
may be superior to a similar antibody produced by another method* Accordingly, applicant 
believes that claim 73 is not anticipated by either of the cited references since applicants 
claimed CTLA-4 is not the same as that disclosed in the references. 

The Examiner rejects claims I, 3, 10 and 13 as being unpatentable over Ditulio et al 
when taken with Michael et al and rejects claims 64 to 73 as being unpatentable over Ditullio 
et al when taken with Ling et al, each under 35 USC 103(aV Applicant traverses the 
rejections. 
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Applicant submits that one reason the rejected claims are not made obvious by the 
cited references is because all the elements required for a finding of obviousness are not 
present in the cited references since, for example, the invention of Ditullio et al is drawn to 
protein production in transgenic avians and the presently pending claims are drawn to 
production of antibodies in cell culture. Producing antibodies in cell culture is different than 
producing antibodies in a transgenic animal. Therefore, applicant requests that the rejection 
be withdrawn. 

Applicant believes the claims satisfy the requirements of 35 USC 112, first and 
second paragraphs and are not anticipated or made otrvious by any of the cited references 
under 35 USC 102 or 103. Therefore, applicant submits that the presently pending claims are 
allowable and respectfully requests that the Examiner pass the above-identified application to 
allowance. 

If any issues remain unresolved or if the Examiner has any questions, applicant 
requests that the Examiner contact applicant's attorney at the below referenced telephone 
number. 
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The tubular gland of the chfcken oviduct is an attractive system for protein expression as large quantities of proteins are 
deposited in the egg, the production of eggs is easily scalable and good manufacturing practices for therapeutics from eggs have 
been established. Here we examined the ability of upstream and downstream DMA sequences of ovalbumin, a protein produced 
exclusively in very high quantities m chicken egg white, to drive tissue-specific expression of human mAb in chicken eggs. To 
accommodate these large regulatory regions, we established and transfected lines of chicken embryonic stem CcES) celts and 
formed chimeras that express mAb from cES cell-derived tubular gland cells. Eggs from high-grade chimeras contained up to 
3 mg of mAb that possesses enhanced anybody-dependent cellular cytotoxicity (ADCC), nonantigenic glycosylation, acceptable 
half-life, excellent antigen recognition and good rates of internalization. 
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During the past two decades, 17 monoclonal antibody (mAb) 
therapeutic products have been approved by the US Food and 
Drug Administration, and it is likely that multiple mAbs will be 
approved annually in the next few year*. Hcxicej the demand for 
the production of mAbs will increase at a rate that will tax the 
existing capacity of traditional production systems such as Chinese 
hamster ovary (CHO) or murine myeloma cells. In addition, the long 
timeline for and high cost of building large fermentation facilities 
make mammalian cell culture an expensive and time-consuming 
option. There have been numerous attempts to produce mAbs in 
plants', filamentous fungi 2 and mammals ^ but none of these 
systems can quickly produce a mAb that is appropriately glycosylated 
using an easily scalable procedure. Here we show that a mAb produced 
in the tubular gland cells of the chicken oviduct is secreted into egg 
white to yield eggs containing milligram quantities of the antibody. 
Using transgenes with large regions of regulatory sequence from the 
ovalbumin (O) locus, tissue- specific and develop mentally regulated 
expression of the nxAb is demonstrated. When compared with the 
same mAb produced from CHO cells, the mAb purified from egg 
white binds antigen with equal affinity, is internalized into cells 
expressing the antigen at the same rate, has enhanced ADCC and 
has an acceptable half-life in mice. 



RESULTS 

Construction of transgenes 

We constructed two expression vectors, Ov7JmAbdns and 
Ovl5mAbFl, with 73 fcb and 15 kb of the 5* flanking region, respec- 
tively, and 15.5 kb of the 3 r flanking region from the ovalbumin gene 
controlling expression of the mAb (Fig. la). Both vectors contained all 
the known regulatory dements that arc believed to be responsible foe 
oviduct specificity and steroid induction of ovalbumin gene expression 
in laying hens 6 " 8 . In addition, the expression vectors were designed 
and constructed in such a way that unique V genes from a mAb can be 
easily inserted into the vectors. In the experiments described below, a 
chimeric human-mouse mAb specific for the dansyj hapten, 'which 
was designated mAbdns, and a fully human mAb specific for prostate- 
spedfic membrane antigen, which was designated mAbFl, were used 
to demonstrate the production of mAb in eggs from chimeras. 

Establishment of cES cell Irnes carrying OV expression vectors 
The Ov7.5mAbdns construct was stably transfected into a line of male 
cES cells. One clone (OVA) out of six was identified by PCR to contain 
the mAb cassette (data not shown). Analysis by Southern blot 
indicated integration of more than one copy of the transgene into 
the cES cell genome (Supplementary Fig, 1 online). 
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s Departmcnt of Brotogical and Agricultural Engineering. Tews A&.M Universe, College Station. Texas 77643. USA. ^Department of Microbiolo©, 
Immunology and Molecular Genetics and the Molecular Biology Institute, University of California Los Anecles, Los Angeles, Calilornia 90Q95, USA. 
5 Diviswn of Infectious Diseases, VA Greater Los Angeles Healthcare System, Los Angeles, California 90073, USA. Correspondence should be addressed 
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The OvlSmAbf 1 construct was stably transacted into a female cES 
cell line. One done (OVH) was shown by Southern blot analysis to 
contain one integrated copy of at least 10 kb of the 5' ovalbumin 
promoter sequence* (Supplementary Fig. 1 online). 

Production of chimeras 

A total of 598 Stage X (EG&K) embryos were injected with the OVA 
cell line and 97 survived to day 14 of incubation, when chimerism was 
assessed by feather pigmentation. Sixty-seven of the 97 embryos (€9%) 
were chimeric, and 70 embryos (18% of the Stage X (EG&K) that were 
injected with cES cells) hatched. 

A total of 593 Stage X (BG&K) embryos were injected with the 
OVH cell tine and 218 survived to day 14 of incubation. At this 
time, 167 of the 21$ embryo* were chimeric (77%) and embryos 
that were judged to have in excess of 40% black plumage were 
hatched. Eighty-three chicks were hatched yielding a rate of H% 
high-grade chimeras from the 593 Stage X (EG&K) embryos that 
were injected. 

The contribution of cES cells to chimeras was also estimated 
by histological examination of enhanced green fluorescent pro- 
tein (EGFP) expression in the magnum of the chimeras. In some 
chimeras, extensive contributions to both the tubular gland cells 
and the adjacent epithelial lining of the magnum were revealed 
(Fig. l). Although high-grade chimeras could be made with male 
cES ecus (see Supplementary Fig. 2 online) they masculinized 
female chimeras, and egg production was restricted to birds carry- 
ing small contributions from the cES cells. By . contrast, female 
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cell lines (tg^ OVH) produced high-grade, egg-laying chimeras 
(Table 1); two examples of these birds are shown in Supplementary 
Figure 2 online. 

The contribution of dgS cells to the germ line was assessed by 
mating male and female dkimexas to Barred Plymouth Rocks. From 
this cross, contributions to the germ line would be evident by the 
production of black chicks. Black chicks were not observed among 
8,862 offspring from 20 chimeras, indicating that the cells did not 
contribute to the germ line under the coenditions of these experiments 
(Supplementary Table I online). 

Production of mAb using the Ov7,5mAbdns construct 

Tissue-restricted and hormpnally induced expression in chimeras 
carrying the Ov7,5mAbdns were revealed in sue female chimeras 
<OVlfM7, OV10-4J, OV10-55, OVlO-66, OV10-79 and OVHMQ2) 
that were infected for 1 0 d with 1 mg/day of 17- ^- estradiol beginning 
at 12 d of age. After 10 d the magnum portions of the oviducts (where 
the tubular gland cells are located) were collected and observed 
rnacroscopicauy for EGEP expression (the gene encoding EGFP driven 
by a ubiquitous promoter was included in the Ov7 .SmAbctos vector to 
allow identification of the cES ceB-derived cells in chimeras). RT-PCR 
was conducted with primers located in the signal peptide and ¥ of the 
constant region of the heavy (H)- and light (L)-chain transcripts 
(Supplementary Table 2 online). Out of the rrve magnum samples in 
which EGFP expression was observed macroscopicallv, L- and H -chain 
transcripts were identified in three: OVKM7, OV10-66 and OV10-79 
(Fig. Ib), However, as we had observed in DT-40 cells (see Methods), 
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Figure 1 Tissue-restricted expression of mAb from Ov7.5mAbdr(S and OvlSmAbFl vectors, (a) Diagram of the Ov7.5roAbdns and OvlSmAbFl expression 
vectors. Positions of the 5' and 3' regulatory sequences of ouaibumin are indicated. Included tn the 3' end of trie vector i$ a cassette with both EGFP 
and purvmycin (Pure) driven by a promoter (O) that functions in all cell types to facilitate the Isolation of stably transfected lines of cES cells and the 
identification of the c£S cell contribution in the chimeras. Details of the mAb cassette are illustrated In the lower part of the diagram, the thin black line 
represents irrtron sequences or nantransfated sequences derived from the human L and H chains. SiGyL» sequence of the signal peptide of the I chain; 
VL, sequence of the V gene of the L chain: Cx, sequence of the constant region of the Kappa L chain; IRES, internal rfbosomai entry sequence; SIGyn, 
sequence of the signal peptide of the H chain; VH, sequence of the V gene of the H chain; Chi, H, Ch2 and Cna, coding sequences of the Cwl, Hinge, 
Ch2 and C H 3 domains of the gamma 1 H chain. *intron sequence present in mAbdns but not In mAbFl. (W RT-PCR of EGFP-positive tissue samples from 
estrogen-induced Qv7.5rnAbdns chimeric chicks for IgH, IgLand p-aetin. Lanes: 1, QV1047 mapium* 2, OV10-55 magnum; 3, OviO-66 magnum; 
4, OV10-79 magnum; 5, 0V10-102 magnum; S, OVlO-SSgut; 7, OV10-79 pancreasi 8 t OVlO-79 brain; 9, OViO-102 brain; ID, OVIO-102 leg muscle, 
(c) RT-PCR of EGFP-positive tissue samples from estrogen induced OvlSmAbFl chimeric chicks for IgH, IgL and pectin. Lanes: 1, OV15-34 magnum; 
2, OV1B-76 magnum: 3, 0V1B-83 magnum; 4, OV15-121 magnum; 5, 0V15-76 stomachi 6 t OV15-7$ duodenum; 7, OV15-76 jejunum; 8, 0V15-76 
ileum: 9, OV15-76 cecum; 10, 0V15-76 colom 11, 0V15-111 brain; 12, OV15-1U liven 13, 0V15-34 muscle. Note the detection of both full-length 
L and H transcripts. Although the p-octln transcript w» woak in OV15-1 11, the conclusion that fg was not expressed in brain was supported by the absence 
of Ig expression with a strong p-actln transcript In a brain sample from OV14-53 (data not shown), (d) Frt&en sections, of the magnum portion of the 
oviduct from an estrogen-induced chimeric female chick produced from cES cells transfected with Ov7.5mAbdns. images of a section under Da Pi staining 
showing the location of the cells, EGFP fluorescence showing the contribution of cES cells in chimera, human Ig Ab staining starring the transgene 
expression and composite of all three images. Note the restricted transgene expression in donor cES cell-derived tubular glands (arrow) but not in epithelial 
cells {arrowhead). 
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Table 1 Human IgG in eggs from OvlSmAbFl chimeras 
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The mean value of mAbtegg from each hen was an average of value* from 2 to 10 
The ericnt of chirocrir.ro w» scored by com paring the cjctcrrt of bteck down relative to 
that of the Barred Plymouth Rock breed from which chicken ES cells wene derived. 



the L-chain tran$cript was aberrant, with the leader sequence directly 
spliced to Ck. In two samples (OV10-55 and OV10-102), EGFP 
expression was not observed in magnum tissue but only in associated 
connective tissue and muscle, and RT-PCR foiled to amplify cither 
L- or H -chain transcripts. 

Tb determine whether the transgene expression was tissue specific* 
we collected tissues derived from cES cells (as determined by the 
presence of EGFP expression macroscopicafly), including brain, pan- 
creas, gut and muscle, from the estrogen-induced female chimeras and 
conducted RT-PCR a$ described above. None of these tissues showed 
detectable expression of L or H chains (Fig. lb). Taken together, these 
results indicated that the ovalbumin regulatory sequences present in 
the Ov7.5mAbdns expression vector were sufficient to direct tissue- 
restzicted expression of the mAb transgene. 

The magnum samples from two of the chimeras (OV10-17 and 
OV 10-66) were analyzed to determine if the mAb transgene was 
correctly expressed in EGFP- positive cES cdOhdcrived tubular gland 
cells by iirununc*histc<heixrical staining with rabbit anti-human IgG. 
EGFT-positvc tubular gland cells derived from donor cES ceils were 
positive for mAb, indicating that the transgene was being both 
transcribed and translated (Fig* Id). As additional evidence for tissue 
specificity, mAb protein production was detected only in the cES cell- 
derived (that is, EGFP-expressing) tubular gland cells (Fig. Id, arrow} 
but not in the adjacent cES celWerived epithelial cells (Fig. Id, 
arrowhead). Detection of the human mAb protein in EGFP-poritrvc 



tubular gland cells indicates that the oviduct-specific regulatory 
sequence from the ovalbumin gene was functional and drove tissue- 
restricted and horxnonally Induced production of the human mAb 
in chimeras. 

Deposition of human mAb in eggs from Ov7.5mAbdns chimeras 
Egg white samples from the nine chimeras carrying the Ov7,5rnAbdns 
transgene and White Leghorn hens (negative controls) were prepared 
by ammonium sulfate preciphatioa and analyzed by enzyme-linked 
immunosorbent assay (EUSA). No mAb deposition was detectable in 
eggs from White Leghorn hens or from six chimeric hens (OV11-17, 
OVll-53, OV11-73, OVU-88, OV12-97 and OV13-13). Low lcvdls of 
mAb were deposited in eggs from three different chimeric hens 
(—1.4-63 ng/ml for eggs from hen OV11-13, ~ 2.0-2.9 ng/ml for 
eggs from hen OV11-37 and ~ 2,9-10.8 ngfml for eggs from hen 
OVll-43 as determined by EUSA for human IgG). 

Taken together, the data from estrogen-induced chimeras and from 
the mature chimeric hens show that the Ov7.5mAbdns vector deliv- 
ered tissue-restricted, hormonally induced and devdopmentaDy regu- 
lated gene expression in chimeric hens, and the transgene product was 
exported from the tubular gland cdQs and deposited in egg white. 
However, the concentration of mAb in eggs from these hens was very 
low (1.4-10.8 ng/ml). Evaluation of donor contribution in these 
chimeras revealed extremely low cES ceU contribution (0-0.1%) to 
the tubular gland ceDs where the transgene expression was confined, 
which was probably the main reason for the low levels of expression in 
eggs. Because the transgene was transacted into a male cES cell tine, 
chimeras with high donor cell contributions were masculinized 
yielding hens that did not produce eggs. Therefore, production of 
mAb could only be evaluated in low-grade chimeras. In addition, the 
L-chain mRNA was inappropriately spiked into a molecule that did 
not contain the variable region. 

Production of mAb using the OvlBmAbFl construct 

Tissue-restricted and hormonaDy induced expression of the 
OvlSmAbFl transgene was demonstrated by injecting 12-d-old female 
chimeras made with the OvH done with 1 mg/day of 17-^estradioi 
for 10 d. Donor cES-derived areas that contain EGFP-positive (that is, 
cES cefl-derived) ceDs and wild-type (that is, redpient-derived) cells 



Figure 2 Deposition of mAbFl into eggs 'rom 
OvlSmAbFl chimeras- to) Western blot analysis 
of egg white samples from OvlBmAbFl chimeric 
hens under reducing (left) and nonreducing 
conditions (right). Left gel lanes: l, 4 ng of 
purified human IgGl, k (Sigma) as a positive 
C0fitrol[ 2, MW marker; 3, egg white from a wild- 
typa White Legiorn hen as negative control; 
4, egg white from OVl6-l7| 6, egg white from 
0V15-29i 6, ege white from QVX5-71| 7, egg 
white from 0V 16-34, S. egg white from 0V16-42, 
Right gal lanes: 1, ess white sample from a wild- 
type White Leghorn hen; 2, es white sample 
from 0V1&42; 3, egg white samplo from 
OV1&X34; 4, human IgGl, k control (8 ng). Note 
the presence of L and H chains of the correct 
size in att samples, (b) Concentration of mAb in 
eggs from representative chimeric hens during 
the first 120 d after the first oviposition. At each 
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time point, the mean values were calculated from at least two independent preparations of egg white that were assayed in two independent EUSA assays. 
<e) Purification of mAbFl from egg white. Lanes* 1, starting material) 2, protein A load: 3, protein A flow throughr 4, protein A elute. Both Coomassie stain 
and western blot analysis ere under nonreducing conditions. MRP-labeled goat anti-human IgG was used for detection in the western blot analysis. 
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Figure 3 GlycosylatiDn of mAbFl protein produced in ehlcken tubular gland cells, (a) Analysis of Fab gVcosylation. SD&-PAGE with protein-specific staining 
showing both Fc and Fab fragments (left). Western blot with a carbohydrate-specific stain showing that both fc and Fab are glycosylated (right). Lane* 1, 
Mw standard 2, empty 3, anti-CTLA4 mAb contror, reduced; 4> empty; 5, anti-CTLA4 mAb contioJ papain digest, nonreducedi 6, mAbFl CHO papain 
digest, nop reduced; 7, mAbFl chicken papain digest, nan reduced. The antl-CTLAd mAb is only glycosylated in the Fc region, (b) Oligosaccharide profile? 
of mAbFl produced in chicken tubular gland cells and in CHO cells. APT&labeJed oligosaccharides were separated by capillary electrophoresis with UF 
detection. Known glycan structures of the CMO-produced mAb are indicated, Glycan structures were identified based on the retention time of oligosaccharide 
standards; glycan structures worn also confirmed by MS anarysts* Marmose is shown as a black circle; galactose is shown as an open circle; N-acetyf 
glucosamine is shown as a black square; fucose is shown as a black triangle. 



from various tissues, including the magnum portion of the oviduct, 
muscle, brain, liver and gut, were collected. RT-PCR with primers 
specific for L and H chains were used to monitor expression of the 
transgene. L- and H -chain transcripts were detected in the magnums 
from two out of four estrogen- induced female chicks (OV 15-34, 
OV15-76 and OV15-83) but not in muscle or liver (F%. lc). No 
conclusion can bo drawn from lane 11 (Fig. lc, brain) as no P-actln 
ampliation was observed, although a brain sample from another 
chick (QV14-53) with strong expression of f^acrjn did not express L 
and H chains (data not shown). Low-level expression was detected in 
ileum, cecum and colon (Fig. lc). Irnmunohistochemistry of sections 
from estrogen-induced magnums confirmed the expression of mAb in 
EGFP-positive tubular gland cells but not in EGFP-paative epithelial 
cells (data not shown). Taken together, these data demonstrate that the 
Qvl5rnAbFl vector directed transgene expression in the tubular gland 
cells of the oviduct The low-level ectopic expression detected io the 
gut suggests that 10-15 kb of the 5" regulatory sequences of the 
ovalbumin gene may not be sufficient to confer fully tissue- specific 
expression of the transgene. This may be due to a lade of regulatory 
sequences or a positional effect of the transgene integration site. 

Deposition of human mAb in eggs from 0vl5mAbFl chimeras 
Sixty-nine chimeras were generated from OVH c£S cells carrying the 
OvlSmAbFl to evaluate the deposition of the full/ human mAb into 
eggs, thirty chimeric hens were raised to sexual maturity and 
commenced laying. Eggs from all of the hens contained mAb in 
their egg white, as indicated by EUSA analysis* The concentration and 
amount of mAb in eggs varied among the chimeric hens, presumably 
owing to the varying degree of chimerisrn in the magnum (lable 1). 

Table 2 Monosaccharides in chicken and CHO-produced mAbFl 



Monosaccharide 



CHO HUmAb pffiOl 
t% total) 



Chicken HumAb pmot 
<% total) 



Fucose 

Glucosamine 
Galactose 
Mannose 
Tbtal 



692 (IB) 
1.336 (40) 
671 (17) 
MO <25) 
3.839 (100) 



O 

1,571 (52) 

43 (1) 
1,513 (47) 
3.127 (100) 



Eight chimeric hens laid eggs that contained > 1 mg of mAb per egg* 
and the maximal level among the 30 chimeras was 3.4 mg of mAb per 
egg. Four chimeric hens laid eggs whose mean level of mAb was 
between 12 and i-6 mg per egg, Six chimeric hens laid eggs whose 
mean level of mAb was between 0.5 and 1.0 mg per egg. 

The presence of mAb in egg white was further analyzed by western 
blot with a rabbit anti-human IgG (H+L) that recognises both the H 
and L chains. Full-length L and H chains were detected in egg white 



Table 3 Carbohydrate composition of mAbFl in eggs 
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samples £cm five chimeric hens (OV15-17, OV15-29, OV15-71, 
QV16-34 and OV16-42) (Fig. 2a). Fully assembled was also 
seen, although small amounts of assembly intermediates were also 
present (Fig. 2a). 

lb determine the variation of the mAb concentration deposited in 
egg white* we monitored eggs from five different chimeric hens 
(OV16-34, OV16-42, QV\7-2% OV17-52 and OV17-83) over a period 
of 3—4 months. In three hens* the arnouat of mAb peaked during tbc 
first few weeks, then dropped approximately twofold and remained 
stable over the next few months (Fig. 2b). In two hens, the expression 
level remained relatively stable over the time course (Fig. 2b). If not all 
of the tubular glajids secrete and deposit ovalbumin protein at the 
same time as the egg is passing through the magnum portion of the 
oviduct, the amount of mAb deposited in the egg white could vary 
owing to the chimeric nature of the tubular glands in these hens. 

Blood samples from 26 chimeric hens and a Barred Plymouth Rock 
hen (negative control) were analyzed by ELISA for the presence of 
human IgG* Eighteen hens had detectable levels of mAb in blood with 
the highest concentration of 39 ng/ml observed in hen OV17-83. The 
correlation coefficient (r) between the level of mAb in blood and the 
concentration of mAb in egg white was 0,67. 

Characterization of mAb produced in tubular gland cells 

MAb was purified from egg white as described in Methods. Most of 
the purified material was a fully assembled H2L2 with a purity > 90% 
(determined by ELISA and A230) (Fig. 2c). The nxAbFl produced in 
chirken was compared in several assays with mAbFl produced in 
conventional CHO cell culture. Size-exclusion high-performance 
liquid chromatography (SEC-HPLC) analysts showed that both were 
>$0% IgG monomer. Sequence analysis by Nano liquid chromato- 
graph- tandem ma&s spectrometry (LC-MS/MS) showed no sequence 
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difference (Supplementary Table 3 online). Liquid chromatography 
maw spectrometnc (LC/MS) analysis of the L chain shewed that both 
had identical mass (±3 Da.). In addition, capillary isoelectric focusing 
analysis indicated that both had similar isoelectric points, although 
CHO-derived mAbPl had greater charge heterogeneity than chicken- 
derived mAbFl ( Supplementary Fig. 3 Online), The thermal stabilities 
of mAbFl produced in the two systems were obtained using differ- 
ential scanning calorimetry (DSC) and compared with corresponding 
forms that were degrrcosylated in their Fc domain 9 . The unfolding 
profiles of the CHO- and chicken- derived antibodies were quite 
different, whereas the unfolding profiles of the Fc-degrycosylatcd 
antibodies were almost identical (Supplementary Fig, 4 online). 
These data suggest that grycosylation of mAbFl produced in chicken 
tubular gland ctlb confers greater thermal stability than the carbo- 
hydrate residues attached to mAbFl produced in CHO cells. 

Glycosylate of mAb produced in chicken 
We compared glycosylation of mAbFl produced in our chicken 
expression system and in CHO eels. MAbFl produced in both 
systems was glycosylated in the Fab and Fc regions, whereas a control 
antL~CTLA4 expressed in CHO cells was glycosylated only in the Fc 
region (Fi£ 3a). However, the oligosaccharide profiles were quite 
different, as shown by capillary zone electrophoresis (Fig. 3b) and 
matrix-assisted laser desorption ion ization/mass spectrometry 
(MALDI-MS) (data not shown). Monosaccharide analysis of chicken- 
and GHO-produeed mAbFl revealed a difference in carbohydrate 
composition (Table 2). Exogr/cosicW analysis of grycans by CH and 
mass spectrometry to identify the terminal sugar residues confirmed 
the absence of terminal sialic acid and fiioose residues in mAbFl 
produced in chicken tubular gland cells. Monosaccharide analysis also 
showed the presence of N-acetyl glucosamine residues, mannose 
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Figure 4 Biological activities of mAbFl produced by chicken tubular gland calls, in comparison to that produced by CKO cells, (a) Binding of chicken or CHO 
cell produced mAbFl to PSMA expressed on LNCaF cells. 324- Egg and 741 -Egg are two different preparations of mAbFl isolated from eggs. Fl-CHO b 
mAbPl produced by CHO cells. Anti-CTLA4 is a human IgGl control mAb not recognizing antigen on LKCaP eefts. (b) Internalization assay of mAbFl 
produced in chicken tubular gland cells and CHO celts. 670-Egg and 741-Egg were two pre pa rations of mApfl isolated from eggs. 300 ngfwell each of mAb 
was added either with Hum-Zap (anti-human IgG, Saporin conjugate) or cell culture medium to LNCaP Cells. Cell viability was determined 48 h after addition 
of mAb and Hum-Zap. The y-axis is relative luminescence units (RLU). (c) fa vfvo clearance of mAbFl produced in chicken tubular gland cells (Fl-chicKen) 
and CHO cells (F1-CH0). Four BALflfc mice were injected with each radiolabeled antibody preparation. The residual radioactivity was measured over a period 
of 350 h using a whole-body counter. Data are expressed as the percentage of the Injected dose remaining, (d) ADCC assay of mAbFl produced in chicken 
tubular gland celia (Fl chicken prep I and H> and CHO cells (Fl). A human IgGl not recognizing antigen on LNCaF celts was used es isotype control. 
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residues and very low content of galactose residue; in rriAbf 1 
produced in chicken. Tbc carbohydrate composition and possible 
glyeosidic linkages of 11 major glycans in chicken-derived mAbFl 
were analyzed by MALDI time-of-tHght analysis (TOF)-MS (Table 3). 
The oligojacchadde structures contained high-man nose type, complex 
type and hybrid type N-gryeans, 

MAb produced in chicken tubular gbnd cells is biologically active 
We compared the antigen binding property of mAbFl produced in 
chicken tubular gland cells and in CHO cells. Both antibody prepara- 
tions produced nearly identical binding curves to prostate-specific 
membrane antigen (PSMA) expressed on INCaP cells LNCaJP (ATTC 
ttt no. CRL 1740) with similar effector concentration for half- 
maximum response (EC^) values (Fig, 4a). The data demonstrate 
that even though the chicken- and CHO-dcrived antibodies are 
glycosylated difleremly, they recognize and bind antigen cqurvalendy. 

Binding of mAbFl to PSMA leads to internalization of the anti- 
body 10 . In one potential application, mAb could be conjugated with 
cyto toxins to target and destroy PSMA- expressing tumor cells. There- 
fore, the internalization of chicken-derived and CHO-derived mAbFl 
was evaluated with the Hum-Zap assay. Cells are killed when the 
mAbFl/Hum-Zap complex binds to PSMA on the cell surface and Is 
internalized, whereas antibody or Hum-Zap alone is not toxic to cells. 
Both antibody preparations internalized with a similar efficiency 
(Fig. 4b). When tested over a range of antibody concentrations, the 
EC50 values for internalization of both the cHdcen-derived and CHO- 
denved mAbFl were 0.49 nM. 

The in vtvq sexum half-life of chicken-produced and CHO- 
produoed mAbFl was analyzed En BALB/e mice by intravenous 
injection of radiolabeled antibodies. Residual radioactivity was deter- 
mined over time by whole-body counting. MAbFl produced by 
chicken tubular gland cells cleared with a halfrlife (/1/2) of 102.4 ± 
0.9 h, whereas mAbFl produced by CHO cells cleared more slowly, 
with a half-life of 2073 ± 18.3 h (Fig. 4c). 

The ADCC activities of the mAbs were compared in a modified 
5l Cr ADCC assay. CHO-derived mAbFl induced a dose -dependent 
cell lysis, which reached a plateau at 38% lysis with an of 0.1 1 ug/ 
ml (Fig. 4d). In contrast, the maximum ability of mAbFl derived 
from chicken eggs to ryse target cells was increased to 60% and the 
ECsc was 0.Q18 ug/mj. 

DISCUSSION 

We have shown that cES cells transfectcd with a transgene designed 
to express a human mAb can be used to derive chimeric chickens 
whose eggs contain fully functional antibody. This work demonstrates 
the potential for producing proteins in chicken eggs as a viable 
alternative to mammalian cell culture systems. The introduction 
of genetic modifications via cES cells overcomes the limitation of 
viral expression systems on the site of the foreign DNA mat can 
be introduced (~S Kb) 11-17 , We show here that 41- to 49-kb 
tranfigencs can be readily introduced into cES cells; recent Studies at 
Origen suggest that the amount of 5* and ¥ sequence can be increased 
to 125 kb and 25 kb> respectively. Thus, large portions of regulatory 
sequence can be included to further increase transgene expression 
levels in a tissue- restricted* honnonally induced and develop mentally 
regulated manner. 

lb accommodate large regulatory regions, we have extended cES 
cell technology by maintaining the cells indefinitely, developing a 
system for transfecting the cells with large transgenes and demonstrat- 
ing that the genetically modified cells retain the ability to make 
somatic chimeras. Prcviousry> somatic chicken chimeras had not 



been made from cells cultured for more than 3 weeks 1 ^* and 
insertion of transgenes required a promoter trap strategy 20 . In addi- 
tion, tissue-restricted expression from a tissue^spedfic promoter had 
not been demontsrated in any in vivo chicken expression system. 
Although we observed low-level expression of the ovalbumin trans- 
gene in the gut of OvlSmAbFl chimeras, expression was largely tissue 
specific and restricted to the tubular gland cells in the oviduct. The 
ectopic expression suggests that more than 10-13 Icb of 5" sequence 
and 15 kb of y sequence are required to ensure tissue specificity 
regardless of the site of integration. However, integration Into several 
distinct locations within the genome has yielded tissue-restricted 
expression with as little as 7.5 kb of 5' sequence (Ov7,5mAbdns; 
I~Z. et at, unpublished data]. Detection of human mAb in EGFP- 
positive tubular gland cells using both the Ov75mAbdns and 
CM5mAbFl expression vectors indicates that the regulatory sequences 
from the ovalbumin gene arc functional and can drive tissue-specific 
production of the human mAb in cameras. The transgene products 
are deposited into egg white at a concentration of 1-3 mg per egg, 
which i$ 20- to 30-fold higher than previously reported with non- 
tissue -specific* virus-derived promoters and enhancers 16 . La addition, 
the expression system described here has been designed to allow rapid 
insertion of unique V sequences for production of different raAbs. 

MAb produced in the chicken oviduct and in CHO cells had very 
similar physical characteristics. Mass spectrometric sequence analysis 
showed no sequence difference. Both chicken tubular gland cells and 
CHO cells can glycosylate the antibodies at the conserved Asn297 site 
in the C H 2 domain and at a site in V H , However, the N-linked 
oligosaccharide profiles were different The most striking difierences 
were the presence of high-rriannosc type N-glyeans in the Fc region 
(Asn297), the absence of fucose and the very low content of galactose 
residues in the chicken-produced antibody. Despite the difference in 
glycosylation, the chicken- and CHO-prodnced mAbs had nearly 
identical binding curves and similar affinities, and were internalized 
equally by antigen on LNCaP cells. MAb produced in the chicken 
oviduct showed a shorter serum half-life in mice compared with that 
produced in CHO cells, presumably because of the increased content 
of high-mannose type N-gtycans, However, the pharmaceutical poten- 
tial of the mAb produced in chicken tubular gland cells remains to pe 
evaluated in primates and ultimately in humans. The DSC data 
indicate that the differences in thermal stabilities of the CHO- and 
chicken-derived mAbs are primarily due to the different gtycosyhuon 
patterns present in their Ch2 domains. Of the several melting transi- 
tion points, the first one (T m i) is critical as it determines the overall 
stability of the antibodies at lower temperatures. The difference in T ml 
of chkken-darrvcd antibody (63.8 °C) compared with CHO-expressed 
antibody (62.7 °C) predicts that the former should be more stable 
under the typical storage conditions of therapeutic mAbs. 

The absence of ctt-G fucose residues on the Asn297 linked N-acetyi 
glucosamine residue of human irnmuncrglobulim substantially 
increases ADCC 21-J \ Although the immunoglobulin molecules pro- 
duced in B cells of birds possess aI-6 fucose residues 25 ' 2 * the txl-6 
fucose linkage is absent from the major egg white proteins 37 * 33 . 
Similarly, the Asn297-hnkcd N-acetyl glucosamine of mAbFl is 
not fucosylated when produced in the chicken tubular gland cells 
and this property is associated with an increase in ADCC In some 
therapeutic applications (e.g., rittodmab (Rituxan) and trastuzumab 
(Herceptin)*^** 3 ), this attribute is beneficial. 

Transgenic plants and transgenic dairy animals in chiding cows 
and goats have been used to produce antibodies. Yet, all mAbs in 
clinical use are produced in cell culture systems. Production of 
mAbs in plants such 3S tobacco has the advantages of low cost, 
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relatively short generation time and easy scale-up 1 . However, the 
presence of immunogenic plant-specific glycate and biosafety issues 
regaxding containment need to be addressed 1 . Transgenic goats can be 
used to produce recombinant proteins in milk at concentrations 
between 1 and 5 and the proteins are glycosylated with patterns 
typical of mammalian proteins, although oligomaitnose structures 
were more abundant on human anti thrombin produced in transgenic 
goat milk 3-5 . However, a Jong time period is required for generating 
and rearing boating transgenic animal* (1$ months for goat and 
3 years for cow). 

In comparison with plant and mammalian transgenic systems, the 
chicken system for producing human mAb is attractive; the mAbs 
possess enhanced APCC acceptable half-lives, adequate grycosyktion, 
excellent antibody bunding and good rates of internalization. From a 
production point of view, the chicken is advantageous because (i) the 
interval from transaction of the cES cells to production of eggs by 
chimeras Is only 8 months* (ii) the egg is a sterile and compact 
compartment providing 'a good starting material tor isolation and 
purification and (iii) conditions for good manufacturing practices are 
well known in poultry production for the rearing of dGte breeding 
stock and for vaccine production in eggs. These attributes have 
provided the impetus to develop technologies for protein production 
in eggs, although the traditional emphasis has been on the production 
of fully transgenic chickens 36,37 - The ability to incorporate the trans- 
genes described here into fully transgenic chickens would, however, 
simplify production and scalability of therapeutic antibodies in eggs 
and therefore, we are continuing to develop technology that will 
facilitate introduction of large transgenes into the chicken genome. 

METHODS 

Animal care. Animal experiment* were done according to protocols reviewed 
and approved by the iostitutiarttl AnrraaJ Car* and Use Committee at Qrigen 
Therapeutics. 

Isolation and culture of cES cefLs* To obtain chicken cES cell lines, we isolated 
die azea pelhietda from Stage X (EG&K)" Barred Plymouth Rock embryos as 
dtfscrfoM previously 35 , washed twice with culture medium and dispersed using 
a 200-pl pipette into a single cell suspension. The cES cells became visible 
approximately 1 week after seeding the blastodermal cdk. The ceDj were small 
with a large ruckus and a pronounced nudeohis (Supplementary Kg. 2 
online) and grew in single layers with deadv visible individual ceDs, Typically, 
the cells were grown to 80-1 OCW> eonfluency before they were passaged at daily 
intervals in a !5 ratio. To maintain optimum growth and to prevent 
differentiation, we passaged the cells by transferring 30-50% of the medium 
covering them into the new welL STQ cells at a concentration of 10* cells/cm 1 
were required to support the growth of cES cells. The eeu$ were dispersed using 
either a short trypsin (0.25%) wash or a L- to Z-min incubation in Ca/Mg-free 
PBS and passaged in small dumps. 

The parental eeD line fer QVA was derived from a pool of embryos on 
mitOticaUy inactivated STO cells seeded on gelatinized tissue culture plates at a 
concentration of 10* cells/cm 2 . The parental cell line for OVM was isolated 60m 
a single Barred Plymouth Rock embryo under the same conditions as OVA. lb 
obtain mitotically inactivated STO cells, wc grew the cells to confluence 
irradiated and cryopreserved at 10 7 eeH&Mai uafc] further use. The cES cell 
culture medium consisted of conditioned DMEM or Knockout DMEM 
(Invitrogen) supplemented with 10% fetal calf serum (FC$)> 1% of a solutioa 
containing 10,000 units of penicillin and 10,000 units of srrerxnrmon Q 2 raM 
glutamic, 1 mM pyruvate, lx nucleosides, lx nonessential amino acids and 
0.1 mM p-raercnptOethanoL Before vse* the DMEM Or knockout DMEM 
medium was conditioned on Buffalo Rat Liver (BRL) cells as described 
previously 39 . Briefly, after BRL cell's were grown to eonfluency, medium 
containing 5% serum waj added and conditioned for 3 d. The medium was 
removed and a new batch of medium was conditioned for 3 d. This was 
repealed IX and the three batches were combined* frozen at '20 *C and 



thawed to make the cES ceD culture medium. Osieken ES cdQs were cryo- 
prcscrved using standard procedures in 10% DMSO in medium containing 
DMEM + 25 mM HEPES or COt-independent medium (Invitxcgen) supple- 
mented with 10% serum. 



Genetic modification of cES cella. Chicken ES cells were transacted as 
adherent cells using a Petri- Pukcr (Genetronics). Adherent Ctlb in a 93- cm* 
well were washed with PBS and 1 ml of cleetroporation buffer (Specialty 
Media) containing 5 pg of linearized DNA was added. The Petri Falser was Set 
into the well and a 15-ma square wave pulse varyiog from 675-750 Vfcm was 
Erven. After 10 min, 2 ml or medium were added and the culture was returned 
to the incubator. Antibiotic selection was initiated by the addition of 1 ug/ml of 
pummycin approximately 1 d after n^rjsfccnon. Resistant clones became visible 
$-14 d after transteetjon and were transferred to new wcus for expansion* 

Production of chimeras using Stage X (EGScK) recipients. The transacted 
Barred Plymouth Rock cES ceDs were injected into White Leghorn embryos* 
which are homozygous at the dominant white locus. The resulting dihnerie 
chickens have black feathers that are derived from the cES cells and white 
feathers that are derived from the recipient embryo. Between 1 and 5 ul of cell 
suspension containing between 3,000 and 2QgQ00 Cells was injected into the 
subgrrminal cavity of recipient embryos, lb allow easy access to the tmbiyo 
during injection of the c£S cells, Stage X (EGfrVK) recipient embryos were first 
transferred to a surrogate shell 40 . The cES eeHs Were injected into the 
subgerminal cavity and the egg was closed with Saran wrap. After uicubation 
at 373-38 °C for 3 d the embryo was transferred to a second surrogate sheik 
and incubated until hatch at 57,5-38 °C and 50% humidity, lb increase the 
oonrribution ofcES ceDs, we compromised the recipient embryos by irradiating 
the eggs with *~660 rads from a cesium source* 1 within $ h of injection of 
the donor cells. After injection of cES cells,, the embryos were held at 15 °C for 
3-7 d Co maintain embryonic diapause before development was initiated by 
incubating at 373 °C- While the embryos were maintained in diapause, they 
were rocked through 90" at hourly intervals. 

Construction of ovalbunnn-bascd expression vector. A 918-bp fragment 
located in the 5' flanking region of the ovajbiunin gene (GcnBank J00895) 
was amplified from chicken genomic DNA. Primers OV-1 and OV-2 (Supple- 
mentary Table 2 orutne) were designed based on the above-refit cenced 
sequence. The PCR product was cloned and used to screen a chicken genomic 
BAG library (020-CHK-H3- Texas A &M BAC center r". A l50»kb BAC clone 
containing the ovalbumin locus was idcntifjcd The BAC Was digested indivi- 
dually with Kptd, BttTnHI or Xhol to obtain a subclone horary of the BAC 
Subclones were screened by a combination of restriction mapping, PCR and 
end sequencing. Subclones K4, KB, K3 and B9 cover a region of 37 kb with 
15 lib of 5' flanking sequence and 153 kb of ? flanking sequence in the 
ovalbumin locus. Based on the above identified sequences, 37 kb and 45 kb 
expression vector backbones {Ov7.S and Ovl5, respectively) were constructed 
to contain 92 kb and 16JS kb of the 3' sequence from the ovalbumin gene, 
respectively and 15,5 kb of the 3' flanking sequence including the 3' UTR 
(Fig. la). Assembly of the ovalbumin expression vectors involved construction 
Of intermediate vectors for the assembly of the 5 r ovalbumin sequences, the 3' 
ovalbiirnin sequences and final assembly of aS the sequences. In a first step, the 
5' ovalbumin sequence was assembled into 5* Qv7-S by joining a 9.2 -kb Kpnl- 
Hmell fragment from the Kfl subclone and a 125-bp HiTxZl-Xbal fragment 
obtained by PCR to restore the 3' end including the Ke&ak consensus sequence 
and adding an engineered Nod restriction rite for subsequent cloning of the 
gene to be expressed. 5' Ovl5 was assembled by adding an additional 7_5-kb 
fragment onto ¥ Ov?,5. In n second stepv the 3' ovalbumin sequence was 
assembled by joining a 120-bp PCR fragment mduding the 3' UTR sequence 
and an engineered Nod restriction site, a 3.5-kb Xbal-BamHL fragment from 
the K3 subclone and a L2-kb BamHl fragment from the B9 subclone* An Asd 
site was booduGcd right after the 3' ovalbumin sequences to facilitate the 
cloning of a selectable marker for stable transaction (here a CxEGFP/CxPuro 
cassette). An EGFP gene driven by a ubiquitous promoter Oc {CxEGFF) was 
induded in the puromyon-sclection cassette {CtPujti) at the X end of the 
ovalbumin vectors to allow identification of the cES ceBKlerivcd ccUs in 
Chimeras, The Cx promoter contains a CMV enhancer and a chicken pectin 
promoter 43 . The molting 3' Ovl SCxEGFP/CjcPuio contains 153 kb of the 
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y flanking sequence of the ovalbumin gene In a third step, a low copy number 
phsmid vector was designed for the assembly of $ ovalbumin sequence and 
¥ ovalbumin sequence. The pBeJoRACl ! Vector (New England Biokb) was 
modified Co have multiple cloning sites including ftsrIL Kpnl, Nod and $rfl in a 
5'-lo-3' direction. The 5' ovalbumin sequence (5* Ov75 or S' Ovl 5) was cloned 
into Kptil and Notl sites, and the V ovalbumin sequence was cloned into Ned 
and Srfi sites. The resulting vectors Qv7_5 and Ovl 5 cOfltaMi a Norf site for 
cloning any transient to he expressed. 
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Monoclonal antibody cawtcftffl. The mAfa cassette was designed and assembled 
wim unique restriction sites aDowmg easy insertion of V genes. The mAb 
Cas&ttc repressed by Ov7.5mAbdns is a mouse-human hybrid anti-da nsyl 
monoclonal antibody (mAbdns). The V-gen« fragments were amplified from 
Che V L and V H that were used to make chimeric auti-dansyl proteins 44 . 
Appropriate restriction sites were added at both ends for subsequent cloning. 
Both the L aod H chains of the mAb m expressed frOra a single vector by using 
an internal ribosomaj entry site (IRES) element (Clontcch), The mAb cassette 
W3$ assembled with genomic DNA sequences that in dude intron sequences 
(Fig. Ia). The sequences for signal peptides and constant regions with 
appropriate restriction sites added at both ends were obtained by PCR from 
human genomic DNA (Gontech) based on published sequences (GenBank 
X17262 for SiGvi, GenBank X67858 for Ck, CenBank Z14241 lor 5iQvH> 
GenBank Z 17370 for Oy\) and confirmed by DNA sequencing. The mAbdns 
cassette was released from the vector and ctoned into the Nod she of Ov7<5 to 
obtain Ov75mAbdj» for transection into c£S cells. 

The mAbdns cassette was tested in chicken DT40 cells (A3TCC) under 
a ubiquitous Cx promoter. The V x exon was alternatively spliced out in the 
L-cfaain transcript to produce predornmondy a L chain without the V region. 
However* a small portion of full-length mAb molecules capable of antigen 
binding were produced as indicated by KT-PCR and western blot analyst (data 
not shown). 

The second mAb cassette (mAbFl) is a fully human antibody produced at 
Medarex horn human immojooglobulm toxigenic mice immunized with 
LNCaP nKmbrane 4 * 4 *. mAbR binds to a conformational epitope on the extra- 
cellular domain of human FSMA and exhibits high-affinity binding to viable 
LNGaP cells by flow cytometry, and shows efficient internalization into PSMA- 
cxprcssing cells. V genes coirjespcmding to mAbFl were obtained by PCR and 
used to replace the V genes in mAbdns. In addition* aberrant splicing in 
mAbdns was corrected by frying the SiGyt. directly to the V L sequence (con- 
firmed by tnmfect ing a Cx promoter driven mAbFl cassette into chicken DT4Q 
cells, data not shown), and lysine and gtyctae at positions 97 and 314 of the C» 
region Were changed to arginine and alanine, respectively. The mAbFl cassette 
was demed into the Nod sits of OvI5 to obtain OvlSmAbFl for transaction. 

Induction of ovalbumin expression in female dudes. At 10-14 d of age female 
chimeras were injected dairy for 10 d with 1 mg of 17-p-cstradioi in sesame oil 
(Sigma) that stimulates growth of the oviduct and induces activation of 
the ovalbumin promoter, After 10 d the birds were euthanized and £GPP- 
expressing portions of the magnum were collected. Magnum samples were 
used for RT-PCR of Land H chains from mRNA, histology for the presence of 
EGfP and human IgG by immunohistochemistry. 

Southern Wot analysis. V/e used 10 U£ of genomic DNA isolated from 
transacted cES cells in each digestion. The digested DNA was run On a 1% 
agarose gel (Invitrogen) with a PPI-200 Programmable Power Inverter (Ml 
Research). The probe DNA was a 4.7 -kb Atari fragment of the relevant mAb 
cassette labeled with [P 3 *] dCTP by the Megaprime Labeling System (Arner- 
sham). Hybridization was conducted with Rapid-orb Buffer (Amersham). 

ETf-PCR to detect transcription of ruAb cassette mRNA was prepared from 
tissue samples with Oligotcx Direct mRNA Kit (Qiagerj). cDN'A was then 
synthesized from 9 ul of ffiRNA using Therm oScript RT-PCR System for First- 
Strand cDMA Synch«ia (Invitrogen), We used 2 ul of cDNA in the subsequent 
PCR reaction. The primers used Con be found in Supplemen t ary Table 2 
Online. Primers HuVLSig-F and Hu-Ge-R were used to amplify a 559-bp Ifbr 
mAbdns) or a 552-bp (for mAbFl) fragment from the L-chain transcript. 
Primers HuVHSiglO-F and HuIgGl-C-R 'were used to amplify a l4&2-bp (for 
mAbdns) or 1,376-bp (for mAbFl) fragment from the H-chain iean$cripr_ 



Primers EGFP-1F and EGFP-1R were used to amplify a 545-bp fragoient from 
the EQFP transcript Primers Act-RT-I and Act-FT-2 were used to amplify a 
597-bp fragment rrom the endogenous chicken fJ-actin transcript. PCR reac- 
tion* were performed with AmpIiTaq Gold (Applied Biosystem*) following the 
manufacturer's uistruct>on. 

Intrnnmohistochemkd locahaarion of mAb, Magnums were collected and 
fixed overnight in 4% paraformaldehyde* After several washes in PBS, they were 
incubated overnight in 30% sucrose at 4 °C. Blocks were prepared and frozen 
sections were cm at 5 |im. The section wns stained with a rabbit anti-human 
IgG (H+L) (Jackson Iromuno Research Lab) at 1:2,300 dilution and visualized 
with a goat anti-rabbit IgG (H+L) conjugated with Alara Fluor 594 (Molecular 
Probes) at 1:1*000 dilution. The Sections were stained with 500 ftM DAP1 for 
2 rain before mounting with the Prolong An tirade Kit (Molecular Probes). 

ELISA analysis of mAb in egg white Egg white samples were diluted in 
PBS and EUSA was carried out essentially according to Mohammed er al** 
The micro titer plates were coated with goat Anti-human IgG (Zymcd) at 
a conotntzition Of 5 ivg/rxd and the presence of human mAb in the egg 
white samples was revealed by horseradish peroxidase (HRPj -labeled goat 
anti-human IgG (y-thani specific) (Southern Biotechnology) diluted at 1:5,000. 
The standard curves were established with purified human IgGljc (Sigma). 
The sensrmdty of the EUSA was 0.$ ngfmL AD samples were run as duplicates. 
The coefficient of variations for intra- and mtemsays were 1.9% and 
1L0%» reipecti vtry. 

Western blot anaxysh of mAb. Egg white samples were prepared by ammo- 
nium sul&te prexrorfotian 47 . Samples were run on 12% or 4-15% THs-HCl 
ready ge) (Bio^Rad). After transfer onto a m^ynbrtne, Western blot was 
performed with Super Signal West Pico Chemnumiriescent Substrate Kits 
(Pierce) as instructcdL A rabbit anti-human IgG (H+L) was used aa a primary 
annbody (l;4»8O0 dihrtion) and & ImmunoPuxe Peroxidase conjugated goat 
anti-rabbit IgG (H+L) (Pierce, 1; 100,000) was used as a secondary antibody. 

W-chiomasame PCR. PCR with primers W-chrl and W-chr2 (see Supple- 
mentary Tibte 1 online) to amphfy a 276-bp fragment in the sequence of 
the JCfol repeat in pUGD0$00 (ref. 4d) Was used to identify the presence of 
W-chromosomc in the genome of c£S cells and chimeras. In chicken^ females 
arc ZWand males are ZZ. Primers Act- 1 and Act-2 (see SupplemenUry Table I 
online) were used to amplify a 410-bp fragment in the endogenous chicken 
p-actin OKA. 

ExtvactKOn and purification of human antibody Egg white was first mixed at a 
low shear rate for 30 min at 20-22 °C and then ovormidn precipitated by a 
modified method described previously^. One volume of homogenized egg 
white suspension was added to three volumes of reverse osmosis water and 
Stirred for 30 mm. The diluted suspension was adjusted to pH 6.0 using 0.5 M 
phosphoric add and then ccntrifuged for 2Q win at 12,100g. Approximately 3% 
of the egg white protein, containing mostly ovomucin, was removed by this 
method. The supernatant was adjusted to pH 7.4 using 03 M dibasic sodium 
phosphate and 150 mM sodium chloride concentration with crystalline salt The 
human IgG was purified on a Protein A-Sepharose FP column (Ametsham 
Biosciences) at a 120 cm/b linear flow rate. The adsorbed Human IgG w» 
washed with five column volumes of tlx loading butler (PBS, pH 7 A) and then 
duted with 3 mM phosphoric acid. The eluted human IgG fraction was adjusted 
to pH 7.S using £0 mM sodium phosphate (pH 73) containing 230 mM NaO 
to achieve a final concentration of 40 mM sodium phosphate and 150 mM 
Nad. The sample was then filtered through a 0,2 um syringe filter (Pall). 

Protein characterization of mAbFL SEC-HFLC analysis. About 10 ug of IgG 
sample was analyzed oo a Waters 2795 HPLC using a 4.6 x 300 mm BioScp SEC 
S3000 column (PhenOmenex). Chromatography was earned out in 0.1 M 
sodium phosphate, 0.15 M NaCt and 0.1 M sodium sulfate, pH 7X at 0.4 ml/ 
min flow rate for 20 min. Separations were monitored at Auo> Molecular weight 
standards (Bio-Rad) were used to determine approximate molecular weight 

Kano LC eleeUO$p»y fom&tfion MS/MS anniysis. Both mAb preparations 
were reduced and alkylated* diaryzed overnight and digested with trypsin for 
4 h at 37 °C hk 25 mM amjnoolwn bicarbonate (pH 8), MS/MS of both tryptic 
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digests was performed ot> a Nano HPLC system (Dionex) interfaced to a 
QSTAR pulsar mass sptctro meter (MDS Sdex) operation in positive ion mode 
aad using ccdliaon-toohiccd dissociation (CD) to obtain tandem spectra. A 
1-ul aliquot of «acn cample wis injected and separated using a 75-pm diameter 
Pepmap C18 cohamn at a flow rate of 250 nl/mm. The mobile phase was solvent 
A (95% water, 5% aeetcrtMe* formic acid) and solvent £ (20% water, 
80% acetonimle, 0.5% formic add). The instrument was operated in informa- 
tion-dependent acquisition mode with 7 s operating cydes. recording a roll 
spectrum tor 2 s then selecting the most intense ion to record a QD spectrum 
during the next 5 & Spectra were analyzed using Mascot (Ma tribe Science). 

LC-MS analysis* IgG samples (50 ug) in 4-M guanidine HO were reduced in 
25 tnM DTT by incubating the ttmpl« at 60 °C for 90 min. Samples were then 
alkylated in 45 mM iodoacetic add for 1$ mm at 20-22 "C in the dark and the 
reaction was stopped with 22 mM DTT. Prior to LC-MS, samples were dtaiyzed 
against 1 L of 25 mM ammonium bicarbonate and 50 \il of each sample was 
injected to i Poros RJ/ 10 2.1 x 100 nun column (Applied Biosystems) using a 
Waters 2795 HPLC equipped with a Micromass ZQ mass spectrometer and 
analyzed in positive ion mode The mobile phase was (A) 0.1% formic acid and 
0.01% trtfluoroacetic odd (TEA) and (B) 100% CH 3 CN with QA% formic acid 
aod 0.01% TEA. Elution (0,25 ml/min) was conducted by a linear gradient of 
10-60% of (B) in (A) developed over 100 min. 

CE4EF analysis. IgG samples (50 ug each st 1.0 mg/ml) were dialyzcd against 
water to remove salts before CE analysis. Capillary cJecrrophoresia isoelectric 
focusing was performed on a P/ACE MDQ CE system (Beckman) with normal 
polarity, using a 50 urn Internal diameter eCAP neutral capillary (Beckman) 
with 30-cm effective length. Sample was Injected for 6*0 s by pressure injection 
at 20 psi. Separation was carried out using 15 kV for 45 min. The temperature 
of the capiDaiy was 20 °Q. The anotytc was 20 mM phosphoric acid and the 
catholytc was 40 mM sodium hydroxide. The rinse solution was 10 mM 
phosphoric acid and the cathodic mobilizer solution was used as provided 
(Becknoan). The separations were monitored at A^y 

Thermal stability by differential Manning cslorimetry (DSC), Calerimctric 
measurements of melting temperatures (T m ) were carried out on a VP- 
Capillary DSC differential scanning microcalorirncter platform that was com- 
bined with an auiosampler {MicroCal LLC). Sample cdl vohirne was 0.144 mL 
Denatnration data on the glycosylated and deglyoosytated forma of the 
antibodies were obtained by heating the samples, At a concentration of 
2.3 uM, from 30 to 95 °C at a rate of 1 Xfarin. The protein sampled were 
present in PBS at pH 7.4. The same buffo was used in the reference osl) to 
obtain the molar heat capacity by comparison. The observed thermograms 
were ba$dine corrected and normalized data were analysed using Origin v7.0. 

Amy for gtycosylarjon. Screening of mAb Fob fragment for gtycojytotioo. Fab 
and Fc fragments were produced by adding 1.25 ug of activated papain to 25 ug 
of IgG samples containing X mM cysteine. Samples were incubated at 40 "C for 
4 h and the reactions stopped with 30- mM iodoacetamide. Samples were 
analyzed by 4-20% Trh-Gyctoe SOS-PAGE followed by electro- blotting onto 
polyvinylidcnc fluoride membrane. The carbohydratc-apcrific staining of the 
blot was carried oat using the Gel Code Glycoprotein Staining Kit (Pierce) 
following the protocol suggested by the manufacture. 

Oligosaccharide characterization of mAhs by CB-LTR Oligosaccharides were 
released from IgG samples (100 ug) by overnight incubation of the samples 
with 12,5 mU PNCaseF (Prozyme) at 40 "C Under the conditions used, the 
N -linked grycans from the Be portion of human mAbFl expressed in CHO ceJtt* 
and chicken tubular gland Cells were released After cthanol precipitation to 
remove mAb protein, the supernatant containing the glyc ans was dried by 
vacuum centrifUgation and resuspended in 1? mM S-arnirumyrine-lAe*- 
trisulphonate (APTS) (Beckman) tn 15% acetic acid and 1 M sodium 
cvanoborohydridc in THF (Sigma}. The 5*5*=™ labeling *ea«ion was allowed 
to continue overnight at 40 °C followed by 25-lold dDution of sample in water. 
APTS-labeLed gtycans were applied to capillary electrophoresis with laser- 
induced fluorescence on a P/ACE MDQ CE system with reverse poJwity, wing 
a 50-ura internal drameter N-CHO-co»ted capillary (Beck man) with 50-cm 
effective length, Samples were pressure (3 s) injected and separation was carried 



out at 20 "C using carbohydrate separation gd buffer (Beckman) at 23 kV for 
20 min. The separations were monitored using a laser-induced fluorescence 
detection system (Beckman) with a 3-mW argon ion laser and excitation 
wavelength of 488 nm and emission of 520 nm. 

OUgosaccharide characterization of mAb Pi. Purified antibodies (100 ug each 
at 1,0 mg/ml) were treated with 4 ul of FNGaseP, an endoglycosidase that 
deavw N»linkcd carbohydrates (Prozyme). The samples were incubated at 
37 °C Overnight followed by dialysis overnight against 50-mM ammonium 
bicarbonate (pH 8). The protein was removed by ethaool precipitation. The 
released Carbohydrates Were desalted on a micro-carbon column from Glygcn 
essentially following the vendor's protocol, but the chition volume was reduced 
to 5 uL A 1-ul aliquot of each glycan sample was mixed 1:1 (volto)) with 
matrix solution («-cyano^-riydrc«ycinnamic add or 2,5-dibydroxybenzoic 
add (Applied Biosystems), spotted on a MALD1 target plate and allowed to 
air-dry. MALDI-Q -TOP tandem analysis was used to perform the analysis of 
intact grycuconjugatcs. Alt mass spectra were recorded on a QSTAR pulsar j 
mass spectrometer equipped with an o-MALDI source 2 (MDS Sciex), which 
provides the mass (composition) of classes of carbohydrates. After the gJycan 
profiting of both the mAb*, the possible gtyeosddic linkage in each glycan was 
investigated. High CUD mass apcc Ua were recorded on a 4700 Proteomks 
analyzer with a TOF/TOf optics (Applied Biosystems). For high-CID MS/MS 
experiments ► the collision energy was set at 1 kV. Inside the collision cell, 
the selected dlgroaccharicle ions were collided with argon at a pressure of 
2 X 1(T 6 Ton. 

Monosaccharide analysis by HPLC with HPAE-FAD. IgG samples (200 ug) 
were subjected to acid hydrolysis using ehher 2-N TPA (for estimating neutral 
sugars) or 5-N HQ (for estimating amino sugars) at 100 *C for 4 h. Samples 
were dried by vacuum ccntrifugation at 20-22 *G and were reconstituted in 
200 ul water before analysis by high-performance anion exchange chromato- 
graphy with pulsed amperometric detection (HPA&PAD) (Dionex). Mono- 
saccharides were separated using a CarboPac PA10 4 X 250- mm column with 
pie-column Amino trap and Borate Trap (Dionex), Procedures were followed 
according to Dioncx Technical Note S3. Monosaccharide peak identity and 
relative abundance were determined using monosaccharide standards (Dionex). 

Assay for binding amjirty. PSMA on LNCaP cells (ATCC) was used as antigen 
to assay for binding. Dupfieam aliquot* of 200,000 eeJte/weu were incubated for 
30 min with 50 ul of antibody at Che indicated cOnttntrations. Cells were 
washed twice before addition of goat anti-human IgG PE labeled antibody 
Oackson IrnmunO Research) at 1200 dihitioii in 50 ul/well for 30 min at 4 "C. 
Cells were washed twice in PBS with 1% BSA and assayed by Auorescence- 
aetrvated cell sorting. ECso values of mAb binding to PSMA on LNCaP cells 
were determined from binding curves utilising GraphPad Prism 3.0 (GraphPad 
Software),. Cells were grown in RPMI 1640 medium supplemented with 10% 
FBS» 10 mM HBPES> 2 mM L-glutamtne, and I mM sodium pyruvate. 

Antibody utfcrnalfeatton ossay. tnternoli^ation of antibody bmcting to PSMA 
On LNCaP cdb v)as determined by mcubnung ecus with mAb and Hum-Zap 
(Advanced Targeting Systems). Hum-Zap is a goat anti-human IgG antibody 
conjugated to the ribosome^macdvating protein, sapor in. LNCaP cells (10,000/ 
well) were incubated in triplicate for 48 h at 37 °C in 150 ul of culture medium 
containing 300 ng Hum-Zap and 300 ng of mAbFl or control mAb. Cell 
proliferation and survival were determined with the CeDTiter-Glo Luminescent 
r>Tl Viability Assay (Promcga) . taternaliz&tion assays were also done by incuba- 
ting dilutions of antibody in cell culture medium with 10,000 adherent LNCaP 
cells/well for 2 h at 4 °C Antibody solutions were gently removed and replaced 
with ISO ul of medium containing 200 ng of Hum-Zap. Cefl viability was deter- 
mined following 4Q b of incubation at 37 "C- ECso values for antibody inter- 
nalization were determined graphically with Prism 3.0 (GraphPad Software). 

Clearance of mAb to BAJUB/c mice. Ten njJuu^jms of mAb protein were 
Hghtly iodinated (less than one J per antibody) with ,25 1 using the lodobead 
method (Pierce). Six week-old female BALB/c mice (TaCOnic Farms) were fed 
0.1 mg/ml potassum iodide in their drinking water for 1 week before the 
experiment. Pour mice per protein were injected mtravenously into the tail 
vein with approximately 600,000 cp-m. of labded mAb and whole-body 
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eadiauftiv&r wu* measured at selected time? using a whole- body gaivuna counter 
CWm. B. Johnson Nol crystal dtcector with a Ludhun scaler). Half-life was 
calculated by exponential regression analysis of the residual radioactivity. 

ADCC assay. LNCaP-C42b ceBs vrerc tested in a modified 51 Cr ADOC assay. 
Human peripheral blood mononuclear cdb were purified from heparinized 
whole blood by standard FicoQ-Fa^uc separation. The cells were resnspended 
(at 1 k 10 s cells/ml) in RPMI 1640 wedium containing 10% FBS and 10 U/ml 
of human U>2 and incubated overnight nC 37 °C The following day, the cells 
were collected and washed once in culture medium and resuspended at 2 x HO 7 
cettS/mJ, TWo million target LNCaF-C42b eeJU? were incubated with 200 uCi 
5J Cr in 1 ml for 1 h at 37 B C. Hie target cells were washed once, resuspended in 
1 ml of medium and incubated at 37 *C for an additional 30 mm. After the 
final incubation* the target cells were washed once and brought to a final 
volume of 1 x 10* CcUb/ml. For the ADCC away, *00 ul of labeled LNCaP cdb 
were incubated with 50 ul of effector cells and 50 uj of antibody. The final target 
to efTcctor ratio was 1:100. In all studies, human IgGl isotype control was run 
and coropared to CHO-derived jnAbfl. Other controls indudod Were (i) target 
and effector cells but no antibody, (ii) target ecus with no effector cells and 
(in) target and effector cells to the presence of 39b Triton X-100. After 4 h 
incubation at 37 °C the supernatant* were collected and counted on a gamma 
counter (Cobra II auto-gamma* Packard Instruments) with a reading window 
of 24QH00 fcV. The cp.m. were platted as a function of antibody concentra- 
tion and the data were analyzed by nonlinear regression, sigmoida! dose 
respond (vanaWe slope) using Priam software The percent lysis was deter- 
mined by the following equation: 

% Lysis = (Sample cp.m. -No antibody cp.m.)/ 

(TritonX cp.m. -No antibody cp.m.)x 100 

Note: Supplementary information is available on the Na&irz Biotechnology wrbsitc 
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